be a health risk (Crosland and others 2009) . This is likely to be complicated by fuel poverty 121 behaviours when occupants make financial trade-offs (Anderson and others 2012; O'Sullivan 122 and others 2011), ration heating (Lomax and Wedderburn 2009 ) and ventilation to save heat 123 and energy. The impact of occupant awareness and resultant impact on indoor dampness, 124 mould and indoor air quality (IAQ) will be regulated by a complex interaction between 125 behavioural factors and the build environment (Sharpe and others 2014b). 126 Addressing occupant behaviours resulting from low risk perception offers an 127 opportunity for health interventions to help alleviate dampness and mould contamination, and 128 associated risk of asthma symptoms (Hunter and others 2003) . It is also important to 129 consider recent trends in increased household energy efficiency, consequent of a policy to 130 reduce the UK carbon footprint and alleviate fuel poverty. Increasing household energy 131 efficiency is achieved by upgrading heating systems, insulation and reducing ventilation rates 132 to prevent heat loss. Reduced ventilation rate increases risk of damp and mould 133 contamination (Sharpe and others 2014b), and has been shown to be a risk factor for asthma 134 and allergic diseases (Bornehag CG To our knowledge, no study has assessed how fuel poverty and energy efficiency 140 interact to modify the risk of mould contamination, and how the association is mediated by 141 risk perception and use of mechanical ventilation. In the following paper, we focus on housing 142 managed by a UK social housing association, a not-for-profit organisation responsible for the 143 provision of affordable housing (Government 2013) . Social housing associations are 144 responsible for managing 17% of the UK housing stock (Government 2013) . This provides an 145 opportunity for area-level interventions targeting populations living in lower socio-economic status in order to help reduce indoor exposures to physical, chemical and biological agents 147 and disease initiation and/or exacerbation. Our aims are to determine whether 1) risk 148 perception and fuel poverty behaviour modifies the risk of visible mould growth, 2) fuel 149 poverty behaviour and mould contamination is mediated by occupant's risk perception, 3) fuel 150 poverty behaviours and mould contamination is mediated by occupant's use of extractor fans, 151 and 4) household energy efficiency and risk of mould contamination is mediated by fuel 152 poverty behaviours. perception, and those with and without fuel poverty behaviours (Appendix B). Ordinal 246 perception of risk scores (0-10) and dichotomous fuel poverty behaviours were used to assess the risk of visible mould growth in our unadjusted model. We used our a priori 248 including adult sex, month of survey, employment status, date of tenancy, and the date of 249 any glazing, loft insulation and heating system upgrades in adjusted models (Table A. 2). We 250 also assessed other demographic risk factors (Table A. 3) and housing characteristics ( Table   251 A.4) thought to modify the risk of visible mould contamination. represents how many standard deviations above or below of the mean respectively, and the 263 associated risk of mould contamination. We used the "pnorm" function in R to calculate the 264 probability (%) from the z-scores, which is proportion of participants that have the same 265 corresponding z-score. In order to compare our results to the previous analyses, we 266 converted probit to logit values for each score by using the following equation:
267 Logit = z-score x (π/√3) (Collett 2003 ) 268 We chose to use the probit link function to model the association between our binary 269 outcomes and the predictors instead of logit because although the probit distribution is very 270 similar to logit, it has better convergence properties. We then calculated odds ratios by taking 271 the exponential of each estimate.
In mediation analysis we calculate the direct effect (c) between our exposure and 273 outcome variables and then how this is mediated by the latent variable (indirect effect ab).
274
The total effect (c+ab) measures how the direct effect is mediated by the indirect effect, and 275 where the association remains unchanged this means that the mediator has no effect on our 276 outcomes i.e. visible mould and mouldy/musty odour. Goodness of Fit (GOF) estimates were 277 then calculated for each model, which includes the root mean squared error of approximation 278 (RMSEA), the comparative fit index (CFI) and the standardised root mean squared residual 279 (SRMR). We considered a model to be a good fit if the lower bound 90% confidence interval 280 was <0.05, the CFI value was close to 1 and SRMR was between 0 and 0.08 (Stata 2013) . 
Results

285
The results presented here are based on 18% (n=671) of the households we originally 286 targeted during the Cornish Health Project (Table A. 
Risk perception, fuel poverty behaviours and risk of visible mould growth 311
High adult risk perception (a score between 8 to 10) of the potential health effects 312 resulting from exposure to mould growth >postcard size in the bedroom, lounge and 313 bathroom was associated with an 80% reduced risk of visible mould growth (Table A. 2). A 314 60% reduced risk of mould growth was associated with the high risk perception score and 315 living with inadequate heating and ventilation. High risk perception concerning children being 316 exposed to visible mould growth was associated with a reduced risk of 60% to 90%. When 317 assessing fuel poverty behaviours, we found no association between participants not 318 ventilating to save heat and energy and risk of visible mould growth. However, not heating the home due to cost or inadequate heating was associated with a 2-3 fold increased risk of 320 visible mould growth. We further investigated the potential of bias by including participants believing that 328 damp and mould impacted their family's health into our adjusted models for fuel poverty 329 behaviours. Increased risk of visible mould growth was consistently seen in participants 330 stating their home is inadequately heated (OR 2.1 95%;CI 1.1-3.9) and that they do not heat 331 the home due to cost (OR 1.6 95%;CI 0.9-2.6). Not heating the home due to cost was not statistically significant, though the direction of the effect estimates remained consistent, and 333 this is likely to be due to a lack of power. 334 335 We used structured equation modelling to assess the direct effect pathway (c) and B) a mouldy/musty odour in direct effect pathway (c) and total effect estimates (c+(ab)).
Fuel poverty behaviours mediated by adult risk perception
356
The estimated odds ratios are similar in effect size to our multiple logistic regression results 357 (Table A. 2). The total effects (c+(ab)) remained statistically significant when we converted into 375 odds ratios with effect sizes ranging from OR 3.3 and OR 1.6 for the risk of A) visible mould 376 growth and B) a mouldy/musty odour, respectively (Appendix C). Mediation analyses suggest 377 that the use of extractor fans did not mediate the association between fuel poverty 378 behaviours and mould contamination, and thus no change in the total effect was observed in 379 either model. 409 We considered other demographic and built environment covariates thought to 410 increase the risk of mould growth. Demographic risk factors included participant age, multi-411 occupancy homes (more than one person), and socio-economic status, presence of pets, 412 drying washing indoors and heating and ventilation patterns. We found that increased 449 We found that assessing dichotomous exposure variables for high risk perception The adoption of increased energy efficiency must be delivered alongside the most 531 cost effective ventilation strategy that is appropriate for the occupancy, size, age and 532 type of property. This will help ensure that optimum ventilation performance (Wargocki reported that lower income populations may not benefit from home improvements.
Fuel poverty behaviours mediated by use of mechanical ventilation
Demographic and built environment covariates
Risk perception, fuel poverty & risk of visible mould growth
555
However, there appears to be a reduction in risk between energy efficiency and 566 We identified a number of factors associated with an increased risk of visible 567 mould contamination, which are in agreement with existing knowledge (Sharpe and 568 others 2014b) and adds strength to our findings. Oreszczyn and others (2006) reported 569 similar findings to ours with one exception concerning architecture type. This study found 570 that flats increased risk of mould severity, whereas we found that living in a semi-571 detached / detached house to be a risk factor. This is may be due to an interaction 572 between varying heating and ventilation patterns. Flats have greater thermal properties 573 owing to reduced surface areas being exposed to the outdoor climate and have lower 574 transmission rates of mould spores, but they require greater ventilation rates in order to 575 maintain humidity levels (Sharpe and others 2014b). We also found that reduced 
Demographic and built environment covariates
Strengths and Limitations
581
Strength of our study lies in our mediation analyses and estimated odds ratios 582 correspond to our dichotomous analyses ( We were unable to assess the impact of behaviours and the built environment on 628 mould contamination throughout the year due to our cross-sectional study design. This is 629 important because mould contamination may be modified by variations in climatic 630 conditions. However, Howden-Chapman P and others (2005) found that variations in 631 rainfall and ambient temperature in New Zealand did not modify the presence of mould 
